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22 Clalims. (CL 250—161)

My tnvention relates to uminescent raterizls
or phozphors and phosphor comblnntions canable
of providing unusual phosphoréscent deeay cilare
acteristics and to a method of developing Hgnt of
tong wavelength from light of shorter twaveleagti,

Until the nineteenth century pind the advent of
invisible forms of exciting enerzy such es ulira
violet radiation, cathode ray encrgy and redio ac-
tive emanaticn, phosphorescence was the princt-
pal demonstrable feature of luminescent mate-
rlals. Quantitative measurcments of phosphor-
escence have been made on thousands of mete-
rials and modern investigators have increased the
exactness of phosphoiescenca mearsurements hut
have not discovercd any phosphor having the
yroperty of exhibiting o decay curve contrary to
the normal initéally rapid decrease fn lizht upon
cessation of excitation, followed by o topering oft
of the phosphorescent decay rate. Thus it ap-
pears that older phosphors diiler ¢hlefly In efdl-
clency, not in any essentials of behavlor, from
materials recently developed for use In television
and fluorcscent lighting applications. Thus
knovn phosphor materials exhibit phosphores-

cert decay characteristics which are clther ex- ¢

poenential or hyperbollic in form. The former
type of decay s characteristicof a monomolecular
process, examples of materials having such decay
charccteristics being the silicates and possibly
tungstates. ‘The latter type of decay of hyper-
bolie form {s characteristic of a bi- or poly-molece
vlar process, this type of phosphorescent decay
being typical of sulfide phosphors. No simple
mathematical expression will fit any one phos-
vhorescent decay curve over its entire lensth.
The rate of inttial decay of sulfide phosphors In-
creases rapidly with the degree of excitation,
while phosprorezcences of silicate phosphors are
affected to a lesser degree hy the draree of excita-
tion. Thus the longer persistence *tui}” of silicate
rhosrhors is more concave upward than the first
rearlv exponentia) part of the deeay curve, while
phosrhor decay curves with cr without the tail
are invariably concave upward. 1t has been con-
«ider-d by thoese skilled in the art that no com-
bipation of phosphors couid ricld a phosphores-
cont dceay characteristie deviating from that ob-
tained by super-position of thelr individual per-
fstences, ard hence it was believed that the de-
cay characteristic of the com? viea wonhd {al-
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creans for onn
of lvminrcsity with time after cesoation of excita-
ten of ¢ vhospheor combination, Purther fn ac-
c-rdancs with my invention, I previde means for
azeomplishing this derired vesuit by means of
Qoearcads . ,
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roys and fon bombardment, or by rac¢iant ¢nersy
such ns SZ-reéys or uitra violat radiaticns {3 made
ts excite ancther phosphor which moay in tum
excite g thlrd phosphor, this methed of opera-
tion contlnuing for any desired number of steps.
In accordance with a further teaching of my
invention I provide a mcthod of developing light
of relatively leng wavelensth by first developw
ing luminescence of short wavelenath preferably
over o Mmited excliatlon time and developing
light of longer wavelength from the short wave-
lennth luminescence.

It 1s an object of my Inventlon to provide a
luminescent phosphior screen having g concave
downward persistence characterlstle during at
Jeast part of its rhosphorescent decay reriod.
Another object is to provide phosphor combina-
tlons having o phosphorescent concave downward
characteristic when excited by corpuscular radla-
tlon. Anothier object is to provide n luminescent
screen having o higher ratio of phosphorescent
light Intensity to fluorescent light intznsity.
Still another object is to provide a combination
of luminescent phosphor materials and cxcitation
means as well as methods whereby unusual plios-
phor decay.characteristics may be abtained, A
further object s to provide phosphor combina-
tions, the individual components of which are
successively excited by corpuscular and radiant
energy. A fu-ther obfect Is to provide concave
downward phosvhor decay characteristles with
excitation effective over short perlods of tlme.
A still further obliect is to provide multi-layer
phosphors having individuval sclective lght ab-
sorptlon characteristics whereby non-exponen-
tial and nonpoly-molecular phosphorescent de~
cay characteristics may be obtalned, and itis a
¢till further ohject to provide luminescent ma-
terial combinations with selectlve radiant energy
absorbing media to obtain phosphorescent decay
characteristics which are at least concave down-
ward over a partion thereof.

These and other objects. features and ad-
vantages of my Invention will become apparent
when taken in connection with the following de-
serintion and accompanying drawing in which:

Firnure 1 shows representative phosphorescent
decay curves for three sulphide-type phasphors;

Fivures 2, 3 and 4 sbow eraphically typical
Ioht ermiltins and Lght ~brovbing spactral char-

TR ST CYRNN SEICIT I VESCARS S LV) ol S ET iy rospeca

Foooare 5 o heas WO phosplior Gooay Curves of
ca-cade phospher screens rade in accordance
with my Investion;

Fioure 6 shows o tube {ncorporating one of mj

caseade phosphor sereens, and
f 2 A A 11 and 19 arn erasa~coctional
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Relerring to Pigure I which shows three typlcal
phosphorescent decay curves plotied against tlme

. as abscissac and percentage of initial light output

tniensity or ordinates, the curve | 15 reprezenta-
uve of a ginc sulphide-cadmium sulphice copper
sctivated phosphor as s mixed crystal, while
curve 2 18 representative of copper activated zine
sulphice, and curve 3 of sliver activated zinc sul-
phide crystailized 2t a temperature of 12€0" C,
1t will be noted that cach of the curves snown in
Figure 1 {s concave upward, this charadteristic be-
ing representative of all previously known phos-
phors and phosphor combinations. As the tme
¢ of excitation prior to cescatfon of excltation
approaches zero, the curves {, 2and 3 will stil] re-
tain the shape and form shown., This {5 llzewise
true for any value of “{" representative of the
time of excitation. This {5 a well-inown prope
erty and is true of all known phosphiors and pree

viousiy known phosphor combinations, as polntad o

out in my article entitled Cathodoluminescence
as applied to television,” RCA Review, vol. V, No
2, October, 1840, pages 165-169,

Referring to Figure 2, I have shown thas spee.’
tral light emlssion and spectral light absorption
characteristies of a zine cadmium sulphide, cop~
per activated, represented by the general formula
2Zn3:4CdS:Cu 95 an example of a visible light
sbsorbing phosphor. Thls materlial §s distine
gulsned from o mechanical mixture of zine and
endmiura sulphide in that it {5 crystalllzed as a
single crystal, the coeflietents 2 end y vepresent-
ing the respective amounts of zine and cadmium
which may be varied over wide limits. As the
ratio of  to y Is decreased, the speetra) emission
of the mixed crystal shifts toward the red portion
of the spectrum. ‘The values of  end ¥ for ma-
terfal represented in Figure 2 atve 0.7 and 0.3, ra~
spectively. In Figure 2 I have shown tha light
absorbing and light emission spectral character-
{stics of zinc sulphide, coppaer activated, while in
Figure 4 these characteristics are shown s ap-
plied to stlver activated zine sulphide. Referring
azain to Flgure 2, it will 2 noted thaet copper e~
tivated zinc-cadmium sulphlde has a light emis~
ston peaked at roughly 61€0 A, while the conper
activated zine sulphide penizs at 5239 A, and the
silver activeted zine suiphide at cpproximately
4400 A, Tt wil likewise be noted from TFigures 2
and 4 that the zine cadmium sulphide absorbs
light having a wavelenzih Telow 6000 A, Siral-
larly, the absorption of zinc sulphide, copper ac-
tivated, and zine sulphide, silver activated, be-
comes etfective at apvroximately 4700 and 5200 A,
respectively. These relative spectral absorption
and emlssion curves show that zine cadmium sul-
phide will absorb the light liberated by copper ac-
tivated zinc sulphide and silver activated zine sule
phide and that coprer activated zine sulphide will
absorb the light cmilssion of silver activated zine
sulphide. By the term “absorption” I mean that
the light Is efiicient]y abzorbed in the sense that
the principal portlon of the absorbed radiation is
converted into luminescerce,

The encrgy representative of light absorbed s,
in accordance with my Invention, utilized to liber«
ale iy frem the abosrbing rhosphar, thereby

tic of
Ddane oy
inveatior Laminescent soreen Laving
a concave dowunward persistence characteristic
during at Jeast part of {ts bhosphorescent decay
peried by utliizing a coteade arrangement of
phoiphor layers whereby one phosphor initially
exclied such as by cathode rays s made Lo excite

10

4 ,
another phosphor contiguous with the first
phosphor. Xore particularily, I provide a phos-
piwr layer capable of Uberating 1ight of short
wavelength, which liohi Is utdized In onother
layer absorpiive to the light of short wavelength
to liberate light of a lonzer wavelength., Thus 1
have found that if two or more layers of phos-
phors having spatially rclated spectral cimnissfon
and absorption characieristics are cembined, the
resulting phosphorescent decay period is not only
lengthened but {s compiztely changed from an

"exponentlal or hyberbalic form to a form which s

concave downward over the major useful portion
of the liaht ottput characteristic. By the phirase
“spatially related spectral cinlssion and absorp-
tion characteristies” I mean characteristics
wherein tha emission and absorption curves are
stilfted toward the red portlon of the sgectrum in
the direction of th2 propagation of the primary
exciling energy and the absorption rezicn of one
layer falls within the eralssion spectrum of on ad-

© facent phosphor layer.
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Referring to tgure §, I have shown two curves
4 and § representative of the cecay characteristie
of two 0. my phosphor combzinations. Referring
to Pigure 5, the time “¢” of excitation just prior
to cessation of excitation may approach zero, and
as this value approaches cero, the curves 4 and 8
viill be obtained for two *¥ypes of luminescent
screen  assembly. For relatively lo. 7 excitation
times, the- phosphorescence characteristic may
approach the-type of curves shown n Floure 1,
For Intermediate exciiation times, the phosnphos
rescence characteristic may ke Intermediate in
shape to the type of curves represented by Ifgura
1 and FPlgure 5. The curve & {s representatlve of
a two-layer cascade screen wherein the flvst or
primary- layer, actlvated by the primery energy,
principally comprises silver activated zine sule
phide, whereas the othier layer, activoted by the
primary layer of zinc sulpiilde, principally com-
prises copper activated zine cadmium suipnlde.
Similarly, the cascada arrangement of pliesphors
of which curve 8, Figure 5, Is representative com-
prises the layers of curve 3 with an Intermodiate
phosphor layer of conrar activatzd zineg sulphlde,

Since phosphors have a dednite excitation or
build-up time usually presortienal to thele phos-
phorescent deeay characteristics, a consideranle
dclay can be occasioned Letween the Initfal exci-
tation and the eventual emission of the bulk of
the useful lizht from the final phosphor in the
cascade, Thus with a blue enitiing Z2nS:Az long
prseistence phosphor layer and a hlue absorbing
and green-yellow-orange or red emitting ZnSi-
CdS:Cu long rpersistence phosphor, the latter
phosphor produces the preponderance of useful
lighit. The light output properties of my cascade
screen following cessaticn of primary excitation
may be compared with the characteristie curves
depleting the formation and decay of certain
radio-active transformaticn products. Thus the
excitation of wne layer in turn excites the second
layer which In turn may exclte a third iayer.
Fach of the excltations subsequent to the primary
excitatlon of the primmaty laver Is delayed duz to
tire finlte time renpured Ly the hysical process
of It n and emission,

Ina.urau ! Aon LU 0l Lo culile
ode ray type inciuding an ¢logiron souree SUGy 45
the electron gun 7 to develop a heam or tlood of
clectrons Incident upan the luminescent screen 8.
The electron gun 7 rsay ke of the conventional
type Incorporating cne or more anodes to focus
the clectron beam which may he scenned over

Approved For Release 2007/09/21 : CIA-RDP81-00120R000100020073-5



e e e m—— e e < AT A T R A SRS 0 8

Fad

i3
fha grooza oF it may be Cigned to gubioct the
sereen 8 1o a Cood of cloctrons, Csaventional
benm 1mcdnlation Preferanly of tiy Inlonsity or
crid rzedulaticen tyo2 may Lo utitizzd, The clec-
tren cource may b replaced by or supnlemented
by o reclant energy sourcs 9 sucly p§ o cource of
ulira violet light as herciunfier exnlnin2d, In
which core the glass of the tube 3 raay be of ultra
viclet transitting material, Verious types of
himinescent scroens madge in accerconde wvithmy
investion are shown in ¥Figures 7-12, and yeler-
Hne to Foure 7, the sereen compyises two In-
dividusl layers 13 end ¥, surpested on a trons-
parent foundation 12 vihich meay Lo of 2lass, mica,

quartr or any other suitable matazial, This foun~’

gatlen may comprlee the end wall of a tube, o3
shown In I¥qure 6, or may ba & separate founda-
tion within tha tube,

In the foljowiag description ¥ wil] uza the term
“nriaary” layer to dezignate the cutermeoest laver
from the feundation, such as the Inyer 19 exsited
by the primeory {ncldent energy vizieh, os hareine
after exnlained, oy b2 eliher of the redlant or
corpuscular type. ‘ihe next layerin ordzr of pro-

gresston from the primary excitalian, such o3 the

Iayeor {f, 123y b2 tormed the HeasanGary” layer,
this Inyer balng cleser to the fou ticn thoa the
primery layer. Limilariz, if o aulil-layer caccede
arransement having 1otz than two layers 1s uvil-
B=-q, T will volse to the third laver os the “ler-
Ueory” lnver, elthouzh X am nel [iaited to tha us?
of only thres 12yers in my cascode arrangeend

- of vhosphors,

Thapolinary lovar 19 of tha binoyy screen struc-
tora of Livese T 13 of o matorinl such a3 will
Lhzents ¥and of polntively short wavelensih, that
fa, I'oh fioqueney, wWhersos the gicondoly Iasver
0 3 of such o melorial a3 to wiiiize the shorter
wavilznoih Uznt g stad by tha pyimary layer
by choorpiton to producs lzht of lengsr wave-
Janzd, tant 13, lovrer frequeney. fny of the wille
Lnown phosthor materisls chesen with rasnact to
the'r speetrol emlsslon ond sbisorpiion cuoincs
teristles may L2 utiizzd for the piiniary cad
seecndary layers, ‘The following table s indica-
tive of the luminescent materielz which may be
used:

Primary Layer fecondary Layer

(1) Copper-sctivated beryl- | (2) Silver-activated tine sulphide

liura tlreonium silicate

() Copper-aciivated rine sulphids

(4) Silvrrnctivated zine cwimlum
suiphide

{3) Copper-activated flne cadinium
miphide

(6) Siver- er oopperactivated zineg

. sulpho-selientile

(%)) Six:;;;rﬂdh':\Mtincslﬂ- (%) Cepper-zativated zine sulphide
phide

©) Copper-antlvated tine cadimuwia
suphide .

(10) Siivir-activated zine cxdmium
sniphide

(11) Silver- or copper-activated tine

siipte-c Tanide

Sihver-activated zine codmiuin

sty hide

oer-activated 2ine cadmivm

s hide

Silvire GF toppuresetivated gine

siiph wselenide

(17) Cuopperactivated  zine | (13)
wanp-nide

It wtil he noted that all of the materials recited
fn thie atove tabulation as well as other phosphers
referred to hereina{ter are of thea inorganic type,
the organic phosphor materials Known to the
prior art being wholly unsuited for use in my
caseacde nrrancamnnt af nhaenhinrs becanse thelr

1emin: Approved For Release 2007/09/21
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(1) cny ratio of Z::.S.to Cf3 enntaanl mey hs

used, but in materizls (13) and (14) this retlio
sheuld be less than eprproximately 4.0 and 0.0,
rervectively, ‘ :
Tha= excttation of the primery layer 9, os Indl.
cated phove, may be by either of tive radlant en-

erzy or corvuscular energy type oud tha thickness .

of the primary layer end the ponetroting aulilty
of the energy incident thereon are £0 chioken that
the primary Iayer 13 the layer principally excited
by the incideat energy. Thus it the exciting en-
ergy 33 of the corpusculnr {ype such a3 a beam
of cathode raye, the velocily of the electrons come=
pricing the Leam s o chosen that for a given
thickness of the priraary layer {0 substentislly
all of the clectren energy I3 absorbsd, althovgh
a predetermined thicknoss of the sceendary layer
may b2 excited for cerinin reasons, gucn ns to
initlate the curves of Figure 5 ot a higher polnt
elcny the ordinate axls, Yowever, {7 tina energy
exclting the primary layer I8 of the radiant ¢n.
ercy tyme such o3 Ultra violet lzht, the {requency
of tha ultra violet o3 well a3 the tixichiness of the
primary Iayer may bae chozen such that the energy
13 comnpletely ebsorbed within the primary layer
ar & vortion of tha lnwer in the diraction of its
thdcness,  The cleusture shown in Fizure 7 1s
preferably viewed throuzh tie transpareat foune
datten 2 a3 shown by the viewlng symbel i3, and
to ovald vlering Isht dlrastly cecaslonzd by pri-
fazry escltation rather thon Lot due to sacond-
sy exeiiatiza, o suitabis Citer 13 1iny bo Inlor-
paood beiwesa the viewer ond the ifcundntlien,
altigu~h ruch o filter necd not be vesd [a ol e
piicattons of my invention, Ior a prizmisry lagor
i0 coxipricing cllver activated zloe gulphids and
a neeendary Iayor comprlsing coprer getivated
sine codsailm sulchide the filter 4 ity have
the chinractatistic of absorbing blus 15k, therohy
enchling tha chzorver to geo cnly ths 1508 e
evnted by tia secondary loyer £l Inesvicin a2

Hanttens i may e desirnble to view 1ay czecade
sor2cn frond th2 samie side o3 that whicl
tor the primary exclility enersy, in v -
fltzr 13 may be ersansed oa the primary layer

s'de as shown at #4g intermcdinte the primary.
Iayer and viewer 124, Dy this cose, the Qiter 1la -

may b2 of greater opiicel Censlity fa the spectral
rezdon for wideh fltering {s desired,

Tt will be aporeciated that I am not Hmlted to
the usa of a cual-tyne cascade arronzerent but
that any number ¢f phosphor layers mnay be pro-
vided wherein the phosphers of the individual
layers are chosen with particular reference to
their spectral emission and absorpticn character-
istles. Referrinz to Figure 8 which shows a
structure incorporating three phosphor layers,
the primaty layer {3 may b2 of the same ma-
tertal as the primary layer (3 ol Flgure 5, and
simllarly, the layer t which Is now termed the
tertlary layer may be siralar to the secondary
layer Il of Figure 7. JIatermediate the primary
layer 16 and tertiary #11 provide a seconda
or intermediate layes 19 comprising a phosphor
raaterial haying spectral emisston and auscrption
chaactoristics inteimediote thosa of the primary
and tertizyy layoers. ‘The prosphor decay charac-
teristic shown in Figure 5, curve 5, i3 representa-
tive of the phosphorescent decay poried structure
of Figure 8 wherein the primary layer comprises
predominantly  ZnS:Ag, the secondary layer
ZnS:Cu, and the tertiary layer Zn3:Cd3:Cu. It
will be noted that I have chosen tha-thice ma-
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scieristics, such that the primary layer liberatss
vio'et pnd blue, the sceondary Jsyer groen and
yellow, and the tertinry laver yellow-oranze to
red. Oiher materials suitable for o tertiory cas~

cacde prransement ore ¢lven ia the followng tab. -

wation where the numbers deslgnate correspond-

inely nuiabered materials in the above tabulation |

of aterials for the binary-type screen.

Primmary | Secondary | Tertlary
Layee Layer Layer
[4} ] 3] (2]
m [e3] (%)
1] (5) 9)
(%] (103 6]
(12) ) (42}

10

15

Any rnatlo of Zn8 to CIS may he used for the '

materials (57 eond (9), but materials compris-
Ing the secondary end tertlary layers In the
Inst two exemples shou'd be chosen 50 tha the
ratio of Zn3 to C<S content of the tertlary layer
15 cqual to or less than that of the secondary
layer.

The above tables of maoterials for cascade
sereens are not necessarily all Inclusive, but are
illusteatlve of varlous materials whlch are suit-
able for the individusl layers, It holng unders
stocd that these tehulations may be supnlemented
by ciher matlerisls ang mnisvlal comhlnations
stratlarly citozza with roazzel to thelr spectral
emicsionn end cheorniton ennrecteristics.

It will ke epparent thnt X have referred to the
varisus leyers oS Inclwiing caly one material,
but It 15 citen decirakla to provide indlividual 1ay-
ers In o cascade layer eiransement cembrising
more than a sinzle materiel.  The following ma-
terials lsted in crder of increasing wavelensih
of thelr puotied oncctral emissions may be used
g3 caplained below:

. Ko, Materlal Characteristic Color

Ulira violet and violet.

Violet and blue,

Green.

.} Orern-yellow,

.| lletlow-trnage.
Red-Infra red.

Fuch of the above materials may he used as an
incividual layer making o slx-layer cascade
screen, or ench of threa layers may comprise a
mixture of twe or raore materials sclected In
descending order. Thus a three-layer cascade
soreen may comprise mixtures of materfals (1)
and (2) fer the primary layer, mixtures of ma-
terinls (3) and (4) for the secondary layer, and
mixtures of materials (6) and (8) for the tertlary
layer.

I nave referred to the fact that ft Is deslrable
to checce the corpuscular radiation with respect
to its velocity, and radiant excitation with re-
spect to tts frequency o that substantially only
the primary layer s cxcited by the incldent
erncriy. However, In accordance with a further
teching of my Inventicn the seconduyy layer
say be shilelded from the excitation of the pri-
sy.enerpy fncldent predeininantly tpon the
side,  Mowever, as shown In Fizure 9, the
ner moterials of the twvo layers may be
£ lar to'thosze shown In conticution with haure
T or to the materials ¢hosen from the above tab-

vlasime Thiare 4tha svbrmaacer Tovar aaain Asclod

83 §3 oy be of coppzr activabed zing csdminng
sulphide, However, as shown n Iigute 9, the
individual partlcles of the phosphor material
comprising the geecndary layer £3 may be coated
with materlal which mizht be termed “opaque”
with respect to the primary cxcitation, but
“transparent” with respect to the lght lterated
by the primary layer, so that the rhosphor ma-
terial of the socondary layer absorks and becomes
excited by this liznt. Thus for primary excita-
tion of the corpusucular typa, such a8 repre-
sented by eléctren excitation, the Individual par-
ticles of the secondary layer {5 may ba provided
with & ceating 1T of potassium slifente wilch is
relatively opaque to electren bombardment but
tronsparent with respect to the lsht lberated
by the Zn3:Ag primary layer 10, Similarly, it
the excitotion of the primary layer Is to be of
the radlant enerzy {ysma, such as ultra vicled
lght, the materlal of tiie primary layer 13 chozen
to libsrate Hzht fa ti2 naar ultra violet, that s,
in the poar visible rczlcn of the spcctrum, such

- a5 oreund 4000 A, end the maoterial surround-

49

69

53

60

ing the partlcles of the cecondory layer 13 mada
opaque to the ultra violet esciting energy but
transparent to the neor ultra violet, such os ap-
proximately 4600 A, Low mslting polnt, low sil-
fca contont gicsses having the desired Hght fll-
tering prenerties may te used for this purpose,

v/ille I have shown in Fisures 9 the use of e
tapinl currounding tza rariicles of piosphor mae
terial coranrising the rocondnry layer, the strugs
ture of Yizure 10 raxy ba utllized wheren the
materiol wiich s exonue to the Incldent cxciting
enecrgy ond trensparent to the excited radiation
13 In the forra of cn fndividunl loyer (3 Inlore
medlnta the pilmory Inver 10 cnd steondory layer
11, The motericl of the intermedinte Iayer 18
rany be chosen Itz gome monner 3 tho mNde
terial 17 enclocing the pardeles ol the sceondary
leyer In Fizure 9, or tha materinls cemprising tha
tovers {0 and {1 moy b2 donosited on onuosite
s'dcs of a sheed ef rintcrlnl sus

o~

1=h ng glass orcqua
to the energy erciiiny the lsyer 19, 1P ulira

ol eucitation is vood, the layer 13 mo7 be
en opilenl filler subsizntlally opoque to the ot-
citine energy, but tronsmavent to tha excited
enargy of tha layer 19, Filtcors suticble for this
purpcse are Corniny Giass Compazy flter 1lcs.
375, 423 and 537, end Jenq fiiter Mos. GG-1 and
G2, Obvlously, tneza prineiples of relative
selective absorption acd transmission may ke ap-
plisd t¢ ceccade screezs of more than two Jayers
within the scope of my {nventlon.

In certaln apvlications it may be desirable to
simuitaneously exciie two or more of the cascade
phosphor leyers, a=d {n accordance with this
teaching of my Inventien I provide a combina-
tion of differsnt forms of exclting encrgy. Thus
a primary layer roar be excited by ultra violet
Ught as well 83 by elsztren frradiation, Similar-
iy, the primary lz¥esr may be ¢xcited by low ve-
locity electron hombardment which is substan-
tially completely : ~ed by the primary layer,
and the secondar may Le simultanecusly or
sequentially exclteda Ly high velocity electren
howmhardrent, Tor wmple, & low yelocity hizgh
current cathode r may be used simuita-
neously or sequen with a high velocity low
current cathode e nto obtain a substantiale
Iy tlat phospliorescs: naracteristic which even-
tually gecays quite razicdly. Similarly, a strong
1mira vialet ennres =~ v ha indd ta excelte prin-

15
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i anry end g secondwry 1Inyer In a multi-layer

isowiil be noted from the ahve combinrtion of
ndividual thesphor leyers thzt I have chosen
primary, cecendary, tertlary and sdditioneal Jayers
which liberate light of progrescively longer wavew
length., Tiias the color of the llzht liberated
from the secondary, terticry or whlchever Is the
final layer may be of reiatively long wavelength,
and the gkl from the fingal lazer predominantly
constitutes the useful light. The tsil ¢of the
persistence characteristic may ext{end {for a period
of time lonzer than desired, g£nd In accordance
with n {further teaching of my Invention, I am
able to lerminate the perfod ¢t phosphorescence
relatively stauptly, Referrinz to Figure 11, the
cascade screcn may comprise, o8 indicated atove,
s primary phosphor layer 3 and a sccondary
phosphior layer 23 of one miaterlal selected In
eccordnnce with my above tecaching mixed with
another materinl excitable to infra red by efther
the primary layer or the other component of the
sccondary Iaver. If dual exciting energy such
as a combination of electron and ultra viclei €x-
citation 1s w=ed, the material excitable to .nfra
red may be excitad by one or the otier eXciting
means, ‘Tho second componient of materia] of
layer 23 is chosen to ba infra red emitting and
mey comprise a phosphor, such &5 copper or silver
activated cadmium sulphide.

These malerials have the properties of lbere
ating Infra red light when exclted by ‘ight of
shorter wavelenath, The infra red loht therated
by the Infra red phosphor comiponent i3 effective
In quenching the phosphnrescence developad by
the proceding layer 13, This materiel mnay have
an infra red emission characteristlc which is
elther faster or slower In building to o maxiroum
than Is the emlsslon charscteristic of the phos-
phor or phosphors whoze lisht £3 to be transmitted
or cheerved. Thus the phosthoresconce of the
second material component may reach a mai-
mum prior or subsequent to the first material

-component reaching its maxirnum so that the

lzht from thie sccondary layar may be utilized
over its muosk cllective amplitugs rance, followed
by a very ranid decay due to tis quenching action
ceused by the infra red emitting phospher. The
mechanics of this cuencldnz setion is not fully
understood, but it may be dize o &n seceleration
of the liberatlon of light from tie first component
of the layer or to a conversion of the Lzht lb-
erated toother forms of energy such as heat. The
infra red emitting phosphor material comprising
a component of the layer 23 may be CdS:Cu,
Cd3 or CdS: Az and necd not necessarily be pro-~
viced as a mixture with the firal layer, but may
he a discrete layer as shown in Pigure 12,
While I kave shown the use of optleal filters
oniy In conncction with ¢he ezzeade screen filus-
trated {n Pizure 1, 1t will be abvious that such
filters may ke used with the structures of Iigures
6--12, or that the material comnrizing the founda-
tlon {2 or erngd wall of the tube of Fizure § may be
opaque to the lght otler than that developed by
the Nnallayer. The use of suwth niters may, how-

ever, De obvizted by viewing ihe screen
fvem the sccundary, tertiavy er wn {5 the
Land Iaver 2 of the assemsly, 8 itroush

the tran

cnaprising the pro
dupectral ermiselon Un the uilra violet region.
From Lhe above deseripion of (he varicus em-
sdlmenmts of my invention lt w21 Le anpgarent that
have descrived g new method of developing uses

v lnyer exnibits
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b Noht of relalively long wavde
ool fmelodier 2 I3 veloping Beht of
relatively ehort voasolonth, aizaerbing this wave-
lenzitly Lzht and simultancously developing the
us=fut lizht of Jonser wavelength elither directly
or throuzh a succassion of steps involving the de-
velopment end abeorption of lght having inter-
med!ste wavelensihs, My method is not depend-
ent upon the normal operation of a luminescent
screen made In accordance with my inventlon.
For example, the I'ght of short wavelength, that
Is, high frequency lght, may be develeped by sube
jecting a phesphor leyer to excit!ing energy, move
ing the phosphor layer %o proxim!ty with ane
other layer having higher wavelength emlssion
and sbhrorption characteristics, this latter layer
being malntained at & low absolute temperature
to enerziza but not exzite the second layer. The
temperature of the second layer :nay then be
raised to develop the llaht of louger wavelength,
Similarly, the sceond layer may energize a third
phosphor layer having spatlally related spectral
emissicn ead eabsorption charicteristics, the
steps belng repeated to develop Lgiat of the deslred

ful Iomine

P

.relatively long weavelenath,

V7hilz T have not specifically ind!cated varfous
appilcatiens to which my new cascade screens
may be eppited, It will be apparent that they offer
great advantases In applications where it is des
sired to observe the cifects of translent phe-
nomend It will Hkewise be appreclated that the
methed of my {nvention may ba employed with
shorter perslstence phosphors, suchh 23 low teme
rerature erystallized stiver actlvated zine sulphide
and zine cadinjum sulphide to decrease filcker in
conveniional oscillozraph tubes where it 13 desir-
tble to have a beam trece of substantially the
same Inlensity over the entire screen. In this
manner many varled decay curve shapes and dee

2y tlines moay be produced with the above-dee

scribed method when using a combination of
known phoschors. Thus while T have indicated
the various preferred embodiments of my nven-
tion, 1L will be apnreclated that T am not Imited
to the yarticular apparatus and methods hereln
described cueept as seb forth in the appended
claims.

Iclaim:

1. A luminescent scrcen for developing useful
bhosphorescent Hzht comprising a plurality of in-
organic phosphor layers, one of said layers heing
adaptzd to be subjected to exciting energy, said
layers being arranged in orler of thelir decreasing
frequency excitation spectra, the said one layer
developing ultra violet light of a higher fre-
quency than the Light of the next adjacent layer,
the layer most remote from said one layer devel-
oping the preponderant pertien of useful light
and abicroing substantially all of the higher fre-
queney lizht incident thereon from a preceding
layer.

2. A lumineszent screen capable of developing
usefu! cho:phorescent lisht without material gut-
put of Juminescent light comprising a succession
of contizuous incrzanic nhosphor layers adapted
to be pregressivaly excited, said layers being ar-
ranzed in crdar of protresiive excitation v hercby

he excization ef one iaver produces excitation of

Loagincent leyer, the matorials of each

>y suid succession of luyers bolng sube
develonod ealy vy the st layer Inorder
sresedve exclitation.

of thepr

el I

sl
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oA Tuminescont sereen cnratie of develnning
predominantly phepicressent Lpat compiising
inorgantc phosphoer meanstoliberate jizht of rela-
tively short wavelensth including ultraviclet when
cxeited by exciting energy, and incrganie phes-
phor pieans adjacent snld Orst means absorbent
to the ultra vioiet ilght and lizht of relatively
‘short wavelength to convert gald licht to useful
longer wavelength lght, sald uscful lisht belng
developed predominanily by sald second-men-
tioned phosphior means and the lzht ¢f relae
tively short wave length Including ultra violet
being substantaliy completely abscrbed by sald
second mentioned Incryanic phiosohor means,

4. A luminescent ecteen comprising a support
member to transmit uscful Hzhit, & coating of in-
organic phosphor materlal on =ald support meme
ber, aosecond coating of Incrgante phosphor mate-
rial on fald first-mentioned coating, the sald ma-
terfals having decreasing peak wavelengths of
emlission spectra in the order of epplicaticn to sald
base member and the useful lght transmitted
throuzh sald support member being vwhospho-
rescent light develeped predominantly by the mas

" terial on said support member, satd support mem-

- ber belng substantially opaque to the emlssion

spectrum of sald second phospher coating,

5. A luminescent screen for developlng lght
comprising a transpareat support surface, a plu-
rality of at least three super-positioned inorganle
phasphior layers, each of which exhibits relatively

. long phosphorescence following exclitatlon, ene of
which s ndlacent sald surfoce, the phosphors
comprising saild laycrs having decreasing peak
wovelenzths of cmlsslon ssectra in the order of
thelr position away from sold surface, sald Iayers
belween sald surface and the outermost layer
belng absorbent to substantially all of the light
developed by the preceding layer, the useful light
belng phosphorescent Lzht developed predomi-
‘nantly by the layer adjacent said surface.

6. In combination a screen for developing phos-
phorescent 1lzht to be viewed from cne slde
thereof including a plurality of inorzanic phos-
vhor layers edanted to ba prozressively excited to
lunirescence, sald lavers keing of materials hav-
Ing spatlally related spectal emtssion and abisorp-
tlon characterlstics and arranged in order of pro-
gresslve excitatlion with their spectral emission
wavclengths epproaching the infra red portion of
the spectrum and a filter adjacent the side of safd
streen from which the Ught is to ke viewed to ab-
sort light developed by the Jayer aaving the short-
est waveiength spectral emlssion.

7. In combination a screen for developing phos-
phorescent light to be viewed from one siga
thereef Including a plurality of contizuous inor-
ganle phosphor layers adapted to be progressively
excited to luminescence, said lavers teing of mate-
rlals having spatially related spectral emission
and abrorption characteristics and arranged in or-
der of prezressive excitation with the'r spectral
erission wavelenaoths appreaching thie Infra red
portion of the spectrum end a Alter sybztantially
onaque to light developed by the layer having the
shortest wavelenuth spectral emissicn positlioned
adficent the cide of cald screen iy be viewed
wherehy the uzeful developed light I3 iinlted to

; naths approaching the Infra red
snefthaspoeirum.

In combination a screen for developina phos-

paspaseant loht of relatively long wavelength
cemdrising alayer of inor;anic phosphor material
txciiable to luminescence in the biue portlon of

tITn «nfAtritm A reasea 1L
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ttn Hrht In the Blue por.
& and excitable under bluz
light to light of lenger wavelength, sald screen
being adapted to be viewed from the side of said
first mentioned layer and a Niter absorbent to blue
lizht and substantlally transparent to light of
sald longer waveiength adjacent sald first men-
tioned layer and on the side thereof opposite said
second mentioned layer whereby a portion of the
isht develened by the first mentioned layer is
absorbed and the useful Jight developed by sald
phiospher layers §s predominantly that developed
by safd second layer.

9. A luminescent device comprising a source of
primary luminescence exeliing Cnergy, A screen
foundatlon, a iumlnescent screen on satd founda-
tion Including a plurality of superposed phosphor
layers, cach of sald layers being of inorgante
phosphor materlal having 8 concave unward
phocphorescent decay characteristie, the sald lay-
ers ltkewlse beiny of different phosphor composi-
tlons having differing peak wavelength spectral
emlssions, the layers being arranged between satd
source end sald foundatlon in increasing wave-
length order of thelr snectral emisslons, sald
foundation baing selectively transparent to lumi-
nescence of sald layers, the transparency being a
maximum for the layer nearest adjacent safd
foundation and a mlnimum for the layer further
removed from sald foundatlon.

10. A luminescent device comprlsing a source of
cathode rays, & screen foundation opsositely dise
poced from sald sourse, a screen on said foundge
tion comprising a plurality of Inorgente phcaphor
layers having hizh phosplioreseence tollowing ex-
citation by sald rays, the layer nearest adjacent
sald sourca belng of sufilelent thickness to absorb
substantially the major portion of sa!d catheda
rays and shicld the next sdjacent layer theores
from, the phosphors of sald iavers having diifer-
ent wavelength emlssion spectra, the said nearest
adjacent layer having the shortest wavelength
emission spectrum.

11 A luminescent sercen comprlsing a support
member, a plurality of phosphor Iayers on satd
support memrter, ench layer Including o nuxture
of phosphorescent lizht emltting tnorgan!e phos-
rhors, the averaze spectral emission and absorp-
tion peak wavelenzta: for the materials of cach
layer being different, sald layers belng arranged
In order of their decreasing nveraze emis:lon ond
absorpt.on wavelanzth spectra with fncreasing
distance from sald support member,

12, The method of developing luminescent lght
of relatively low frequency including the steps of
developing over a short perfod of time luminescent
lght of relativeiy hizh frequency, absorbing sub-
stantially all of the energy representative of light
of high frequency, converting said energy {nio
light of reiatively low frequency, and itmiting said
pericd of time to a t!me shorter than that required
for converting the vrincipal portion of said energy
into hegit of gelanvely iow frequency.

13. The method of developing useful lumines-
cent light of relalively iong wavelength compris-
ing developing luminescent light of short wave-
wengti, sues w7 developing quanidties of Heht
of longer w v02ths, simuitanecusly absorbing
Lot of v s shorter than each succes-
sively devel Cohguantity of Lght of lotger wave-
iength, and i
Mnieszcent Loof

'y the develepment of sal
gh 0rt wave length before the
developaant of the avinetpal purtion of the light
of lon¥est wavae lensth, .

hor miters:
tlon ¢f ih:

<
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Urely low fraquency comprising the sieps

2;’ ?é:dcpmg tumlnescent light having a high

frequency, successively developing quantitics of
tight of decreasing [requency and slmultancously

ahrorbing the successively developed decreasing

{requency light quantities with the exception of

the Hpht of Jowest frequency.

15. ‘The method of developing juminescent light
of relativey long wavelength which comprlses ex-
citing a phosphor having o short wavelength
cmlssion and absorptien spectrnimover a pericd of
time to develop luminescence of short wn'.'c-!ene'.?y.
utilizing satd developed luminescence to develsy
I'ght of longer wavelength and imiting the time
of cxcitation to less than the time requlted for
desveloning the light of longer wavelength.,

16. ¥er use 'n a cathode ray tuve having means
for producing and deflecting an clectron beam, 8
screen comprising a first component which !s ex-
posed to the clectron beam and which §5 adapted
to generate 1ight radiations when cueited by elec-
{ron impingement and a second compornent which
Is excited by such light radtatlons and 5 efice-
tively shielded from electron imp'agement and
which Is adapted to produce visible lumincscence
of longer persistence than the radlations gen-
erated by cither component when excited by elee-
tron impact.

17. For use In & cathode ray tube having means
for producing and deflecting en electrca beam,
& screen comprising a first component which is
exposed to the elcctron bearn and which i3
adapted to generate light radiations sdiaccnt the
ghort wave end of the spectrum when e:xclted by
electron Impingement and a recond cumpenent
which Is effectively shielded frem clectron ime
pingement and which is adapted to produce visls
ble luminescence when excited by the Hzht radia-
tlons from sald Nirst component, sald second com-
ponent comprlsing zinc-cadmium sulilde,

18. For use In a cathode ray tube having aeans
for producing and deflecting an eleetren Leam, a
screen comprising two layers of Individusl phos-
phors, separated by an electren-fmpervious ma-
terinl, one of sald layers being expes=d to the clee-
tron beara and comprising a phosplror adopted to
generate light rediations when excited by ¢lzctron
impingenent, and the other sald Inyer comvrising

~ a phosphor which produces a vislble lumincscence

iral ceconds whitn ox-

cited by the light rediations emitted by the first
meaatiored layer,

19, An electron discharge device comprising an
envelope providing & window, raeans In sald en-
velcpe for generating a beam of elactrons dlrected
upon sald window, 2 luminescent screen applied
upon the inter!or surface of c2!d window compris-
ing s foundation phosphor which Is applled ade
Jacent sald window and s adapted In response to
short wave light excitation to produce vizible
luminescence of long persistence, and an exciting
phesphior applied thereover which Is expozed to
impingement of said electron beam, s2!4 Iatter
phosphror baing edapted to gonerate In respense

" 15 electronic excltatton ultraviolet end adlacent
blue radiation which 13 capable of exciting Jumis<
nescence in satd foundation phoiphnr, enld excit-
Ing proophior having suffclently creat thin
5[0 (-'f-.v“,:'.'r-'.-,' shfeld sald fomiyven utor

A O S

b 8 e

LIE T S R

v.c‘.r:pe having a window transparent to visible
tight end enclosing a luminescent sereen ond

14
means for producing nad defecting on electron
beam, seid screen comprising ot least twe super-
imposed contizuous phosphor layers of unlie in-
organz phesphors, cne phosphor layer pesitienzd
to be expoted to the dleciren boam and emitiing
in response to impact of the clectron kemm cacert

-~ wave-length radiation in and sdlacent to the

19

15

3

30

40

45

60

3

60

65

short wave end of the visible spectrum, and the
other phosphor layer facing fafd window end
shielded frem the electron beam and expcsed
only to satd short wave-length rodiatlen {vom
sald first mentioned layer and emiiting In re-
sponse to fald short wave-length radlation from
the first mentioned phosphor visible radiation of
longer wave-iength,

21. A cathode ray tube comprising on envelope
hoving a window transparent to vizible llzht and
enclosing & luminescent gereon and n sourcs of
clectrons for generating a bzam cf elcelions
dirccted upon sald gereen, sald seroen comprising
thro 2 contimuous layers, the two cuter lavers Liing
of uru'le inorzanie phosphors, cne Yeyer foclaz
sald source and emitling short-wave raciation in
and sdjncent to the short-wave end ¢f tha vitible
spectrum in response to clectron Impaet, the ne
terriediate Jayer being of clectren livpervlovs ran-
terlal transparent to the siert-" ave rooiation of
said first mentioned phosyhor layer, tha cther
phosphor layer facing satd windew and coeiicd by
the short-wave radiation from the first nomed
phosvhor to produce visible Mziwg of lencer wave-
lergth, .

22. A haminescent screen eapshls of develying
useful phoesplicr light withoud roct:rial cutpui of
fluorescent Ucht comprising & plurality of ode
jacent tnorgonle phesphor layerd rdanied to b2
prooressively excited to lumidnescence, thz nore
ganic phosohor of encil layer having diflercnt
spectral emisston characiaristics, exid Iayers heing
arranged in order of thelr increasing wave length
of thelr respective emlzsion and cbsorptlon snoe-
tra cod in ordar of thelr prezrveszive cnclintien,
the phesphor layer having tae shortczt wave
lenzth cmission spectra boliag of o nand
minescent under incldent cuergy end of suidclend
thickness to risorb substonticliy cil of thia incle
dent energy, the layer having tie loncest emnlen!
and atcorption wave length fneluding a rhic.nuor
luminezcent {n the Infra-red porticn of th2 spics
trum snd belng of suidclent thicimsss to ebzord
substantially all of the light liberatzd by a preced-
ing layer.

HUMEBOLDT W. LEVERENZ.
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